Most studies report on colon and rectal cancers collectively, even though biologic and prognostic differences exist between these disease entities. Here, we investigated the effects of sex, age, and ethnicity/race on rectal cancer (RC) mortality by stage focusing on differences before and after 2004.
INTRODUCTION
Rectal cancer (RC) is a leading cause of morbidity and mortality from gastrointestinal malignancy [1] . While cancer-specific survival has improved in the United States [2] , demographic disparities remain for reasons which are incompletely understood. For instance, there has been a steady rise in the incidence and mortality of RC among individuals younger than 50 years old [3] [4] [5] . Indeed, younger patients are more likely to present with rectal than proximal colon tumors, and with poorly differentiated and late-stage cancers [6] .
With regards to ethnicity/race, existing evidence has shown consistently worse outcomes for African Americans compared to Whites, even after adjusting for socioeconomic and insurance status [7, 8] . However, these findings are restricted to patients with colorectal cancer (CRC), whereas outcome data specific for RC are lacking.
Over the last three decades, the management of RC has witnessed the introduction of several cytotoxic and
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biologic drugs, as well as the shifting of perioperative chemoradiotherapy from the adjuvant to the neoadjuvant setting for locally advanced disease [9] . In 2004, the use of oxaliplatin was expanded into the adjuvant and firstline metastatic settings, and the first targeted agents were approved for metastatic disease (i.e. bevacizumab, cetuximab) [10] [11] [12] [13] . Whether these advancements have variably influenced outcomes in different populations has been largely un-explored.
Furthermore, although survival disparities in RC have been identified, many clinical and epidemiologic studies have examined colon and rectal cancers collectively or concentrated on a particular demographic or time period [6, [14] [15] [16] [17] . A comprehensive investigation specific to RC and spanning recent changes in standard of care is lacking. Here, we sought to evaluate the impact and interactions of sex, age, and ethnicity/race on the survival of patients with RC. We then compared stagespecific survival trends by year of diagnosis, focusing on differences before and after 2004.
RESULTS

Patient, tumor, and treatment characteristics
Among 105,511 patients diagnosed with rectal cancer between 1988 and 2012 in this study, 58.5% were male and 41.5% female ( Table 1 ). The median age at diagnosis was 66 years, and 54.3% of patients were 65 years or older. The cohort included 74.5% Whites (n = 78,593), 8% Asians (n = 8,403), 8% African Americans (n = 8,473), 8.9% Hispanics (n = 9,388), and 0.6% Native Americans (n = 654). Hispanics and Native Americans were diagnosed at a younger age than Whites. Here, the greatest difference is seen between Native American (median 60 years) and white women (median 69 years) (P < 0.001 for all comparisons) (Supplementary Table 1) . Among Whites, African Americans and Asians, women were diagnosed at an older age than men (69 vs 66 yrs, 64 vs 62 yrs, and 65 vs 64 yrs, respectively, P < 0.001 for all comparisons) (Supplementary Table 1 ).
The stage distribution was as follows: 34.7% stage I (n = 36,598), 23.5% stage II (n = 24,803), 25.7% stage III (n = 27,090), and 16.1% stage IV (n = 17,020). Most patients (80.6%) underwent local tumor resection or radical surgery. 53.7% received neoadjuvant and 43.3% adjuvant radiotherapy. The proportion of patients diagnosed in 1988 to 2003 and 2004 to 2012 were 48.5% (n = 51,171) and 51.5% (n = 54,340), respectively.
Sex, age, and survival by stage and year of diagnosis
In a multivariable Cox proportional hazards regression model (Table 2) , women with stage I-III RC had a significantly longer DSS (HR 0.87, 95% CI 0.84, 0.89) and OS (HR 0.78, 95% CI 0.77, 0.80) than men (P < 0.001). In stage IV disease, women maintained a modest advantage for OS (HR 0.96, 95% CI 0.93, 0.99, P = 0.019) but not for DSS (HR 0.97, 95% CI 0.94, 1.01, P = 0.16).
With regards to age, patients younger than age 55 achieved the longest DSS (HR 0.66, 95% CI 0.64, 0.69, P < 0.001) and OS (HR 0.47, 95% CI 0.46, 0.49, P < 0.001) compared to aged 55 or older among those with stage I-III disease. In patients with stage IV rectal cancer, those aged 45-54 had the longest DSS (HR 0.70, 95% CI 0.66, 0.74, P < 0.001) and OS (HR 0.64, 95% CI 0.60, 0.67, P < 0.001) compared to patients older than 75 years (P < 0.001).
We then examined the interaction between age and sex on survival (Table 3) . Within the stage I-III cohort, women had a significantly longer DSS (P interaction = 0.27) and OS (P interaction = 0.94), independent of age. In contrast, in patients with stage IV disease, the impact of sex on DSS (P interaction = 0.013) and OS (P interaction = 0.005) was limited to the youngest age group (18-44 years) .
When stratified by year of diagnosis, the influence of sex on DSS was consistent in patients with stage I-III rectal cancer overall (P interaction = 0.46) ( Table 4 ). However, there was a significant interaction between sex and year of diagnosis for OS, with a narrowing of sex differences over time (P interaction = 0.04) ( Table 4 Table 2 ). This trend was not evident in the other age groups. In patients with metastatic disease, the sex difference in DSS (P interaction = 0.009) was significantly reduced from 2004 to 2012, with a similar trend for OS (P interaction = 0.050) across all ages (Table 4) .
Ethnicity/race and survival by stage and year of diagnosis
Ethnicity/race was an independent prognostic factor across all stages of rectal cancer, with the most pronounced disparities seen among African American patients ( Lastly, we assessed the influence of ethnicity/race on survival across time (Table 5) 
DISCUSSION
Biologic, clinical, and prognostic differences distinguish rectal from colon cancer [19, 20] . Nonetheless, these two diseases are often grouped together in clinical trials and epidemiologic cohorts, and prior investigations specific to RC have been relatively limited in scope. To our knowledge, this is the largest analysis examining the impact of demographic characteristics on the survival of patients with RC. Our study revealed evolving stagespecific effects of sex, age, and ethnicity/race on RC mortality over a twenty-five year period.
Consistent with prior evidence, female sex and younger age emerged as positive prognosticators for cancer-specific and overall survival. A pooled analysis of five clinical trials in locally advanced RC have demonstrated reduced mortality in women and patients younger than 60 years of age [21] . Moreover, our findings in rectal cancer patients are in line with a previous study in colon cancer patients showing that younger women with advanced disease achieve superior outcomes, whereas post-menopausal women have a significantly shorter survival compared to age-matched men [22] . Biologically, derangements in hormonal metabolism are inherent to colorectal carcinogenesis, and sex differences might be partly attributable to the protective effect of estrogen as well as favorable immune responses seen in women after surgical resection [23] [24] [25] .
Two potential contributing factors we could not account for in our study were duration of therapy and toxicity, both of which have been shown to vary by sex and predict outcomes. Retrospective analyses from CAO/ ARO/AIO-94 show that although women were less likely to receive adequate radiation, they were also more likely to sustain acute toxicity from chemoradiotherapy, and such toxicity was a surrogate for improved OS [26, 27] . Similarly, results from INT-0114 demonstrate increased toxicity to adjuvant chemoradiation and improved survival in women, though toxicity was not independently associated with outcomes in this study [28] .
Notably, while sex disparities significantly improved for patients with metastatic disease, they seem to be increasing in patients with early-stage RC. One possible explanation is that women not only have less intrinsically aggressive disease, but may also derive greater treatment intensity with chemoradiation or more benefit from cytotoxic chemotherapy [28] . Mechanistically, a recent translational study implicated β-tubulin as an androgendriven mechanism of colorectal tumor aggression that is constituitively active in men, and linked to oxaliplatin and irinotecan resistance as well as poor outcomes [29] .
Other pharmacogenomic data support the notion that sex modulates the sensitivity to chemotherapy [30] . The narrowing of sex outcome disparities in metastatic RC after 2004 likely reflects multiple interacting factors and the expansion of available chemotherapeutics. While we could not describe the specific chemotherapy prescribed, recent data encompassing private, academic, and community-based practice patterns from 2004 to 2011 demonstrate that men and women are equally likely to receive cetuximab or bevacizumab in the first-line metastatic setting [31] . With regards to ethnicity/race, African Americans had a significantly shorter survival in all stages of disease, which is consistent with several other studies documenting ethnic/racial disparities in cancer-associated outcomes [32] [33] [34] . African Americans have previously been reported to receive less adjuvant chemotherapy and curative treatment modalities [32, 33] . However, data from the BRiTE registry and N9741 suggest equivalent survival between African Americans and Whites, though also showed ethnic/racial differences in pharmacogenetic profiles [35, 36] . After accounting for important confounding variables, including receipt of chemotherapy, radiation, and surgery (including number of lymph nodes resected), our data demonstrated that the black-white In summary, we observe that sex disparities in outcome have narrowed in patients with metastatic RC, but persist in patients with stage I-III disease. These differences are most evident among young patients aged 18-44 years old, where sex disparities have even widened in stage I-III rectal cancer. Furthermore, younger age and female sex are associated with favorable outcome in all disease stages. In stage IV disease, the sex disparity favoring women was limited to the age 18-44 yr cohort. Hispanics and Native Americans were diagnosed at a younger age than Whites, with the greatest difference seen between Native American and white women. Among Whites, African Americans and Asians, women were diagnosed at an older age than men. These findings may have implications for future prevention strategies. While outcomes have significantly improved for Asians, Hispanics, and Native Americans with stage I-III rectal cancer, mortality in African American patients improved modestly overall and remained significantly higher than other ethnicities/races across all stages. For patients with stage IV rectal cancer, the effect of ethnicity/race on outcome did not change over time.
The main limitations of our study are the missing information regarding the type and duration of chemotherapy and radiation administered, surgical approach, presence of comorbidities and socioeconomic status, as these data are not available in the SEER registry. This renders it impossible to draw conclusions regarding the differential benefit of chemotherapeutics and biologicals in different populations. By focusing on outcome disparities before and after 2004, we were not able to systematically account for the differential effects of therapies approved at other time points. In addition, we did not have access to information on comorbidities, but by assessing DSS, we tried to limit its influence on outcomes. Nonetheless, our study represents the largest cohort of RC patients, reflects mortality data after the implementation of recent, important changes in care standards, and accounts for overall treatment rendered.
Future trials should address whether response to biologics and cytotoxic chemotherapy may vary by ethnicity/race and sex, in order to better personalize the management of patients with rectal cancer.
Additionally, the implementation of prospective population-based registries containing clinicopathologic, pharmacogenetic, and socioeconomic data will be instrumental to achieving these objectives.
MATERIALS AND METHODS
Study design
The SEER database 1973-2012 (Version April 2015) was used for this analysis [18] . The SEER Program, sponsored by the National Cancer Institute (NCI), provides information on the demographics, primary tumor site, tumor morphology, and stage at diagnosis, first course of treatment including surgery and radiation, and survival of all newly diagnosed cancer patients by registration site. Information on the first course of chemotherapy th edition was used to define stage I, II, III, and IV based on primary tumor extension, lymph node involvement, and/or distant metastasis. Patients with AJCC stage 0 disease were excluded. A total of 105,511 patients met the eligibility criteria and were included in the final analysis. The patient population was further grouped into five ethnic/ racial cohorts as follows: non-Hispanic Whites, nonHispanic African Americans, non-Hispanic Asian/Pacific Islanders, Hispanics, and Native Americans. Hispanics were identified by using the North American Association of Central Cancer Registries (NAACCR) Hispanic Identification Algorithm (NHIA). Throughout the text, the term White refers to non-Hispanic Whites unless stated otherwise. Similarly, the terms African American, Asian and Native American exclude Hispanics.
Rectum (C20.9)-specific surgery codes 20 (1983-1997 ) and 20-28 (1998-2012) were summarized as local surgical procedures, whereas codes 30-70 (1983-1997) and 30-90 (1998-2012) were defined as radical surgery. Codes 00-10 (1983-1997) and 00, 10-14 (1998-2012) were considered as non-surgical procedures.
Statistical analysis
The main outcomes of the study were rectal cancer or disease-specific survival (DSS) calculated from date of diagnosis to the date of death from rectal cancer and overall survival (OS), defined as the interval from date of diagnosis to the date of death. OS and DSS were censored at date of last contact, December 31, 2012, 10 years after diagnosis, or date of death from other causes for DSS, whichever came first. For subjects who were censored for OS (n = 52,587), the median follow-up time was 71 months (interquartile ranges: 30-120 months). A multivariable Cox proportional hazards regression model was used to evaluate the association between sex, age, and ethnicity/race and OS and DSS when adjusting for other potential prognostic factors available in the SEER database. We considered marital status at diagnosis, histology, tumor differentiation, tumor stage, lymph node stage, AJCC stage, the number of lymph nodes examined, surgical procedure, use of radiation therapy, sequence of surgery and radiation therapy, chemotherapy, CEA level (year of diagnosis 2004 or later), SEER registry site, and year of diagnosis as covariates in the Cox regression model. A likelihood ratio test was performed to test the interactions between sex, age, ethnicity/race, and stage on DSS and OS. We evaluated graphically departures from the proportional hazards assumption for the model using smoothed plots of weighted Schoenfeld residuals. No violation was detected. To evaluate age at diagnosis by sex and ethnicity/race, P values were calculated based on Wilcoxon two-sample test to compare sex differences within each ethnicity/race, whereas the Kruskal-Wallis test was used to compare ethnic/racial differences for males and females separately. Analyses for localized (AJCC stage I, II, or III) and metastatic disease (AJCC stage IV) were conducted separately using SAS Version 9.4 (SAS Institute, Cary, NC) at a significance level of 0.05. All tests were 2-sided.
